Objective. To examine the impact of provider competition under global budgeting on the use of cesarean delivery in Taiwan. Data Sources/Study Setting. Study Design. Panel data of quarterly facility-level cesarean delivery rates with provider characteristics, birth volumes, and regional point values are analyzed with the fractional response model to examine the effect of external price changes on provider behavior in birth delivery services. Principal Findings. The decline in de facto prices of health services as a result of noncooperative competition under global budgeting is associated with an increase in cesarean delivery rates, with a high degree of response heterogeneity across different types of provider facilities. Conclusions. While global budgeting is an effective cost containment tool, intensified financial pressures may lead to unintended consequences of compromised quality due to a shift in provider practice in pursuit of financial rewards. Key Words. Cesarean delivery, global budgeting, quality of health care, provider behavior, reimbursement incentive Health expenditures have increased drastically over the past decades in both developed and developing countries (Fan and Savedoff 2014) . In the face of such continually rising costs of care, policy makers are more and more turning to payment policies to "bend the cost curve" (Cutler 2010). Among the array of interventions, global budgeting has been gaining popularity as it has been found to contain cost effectively (Wolfe and Moran 1992; Benstetter and Wambach 2006). Recent notable examples include the global budget-based
"Alternative Quality Contract" of Blue Cross Blue Shield (BCBS) Massachusetts (Song et al. 2012) , the Maryland global budgeting hospital initiative in 2014 (Cornish and Hsu 2015) , and Austria's 2013 reform to contain public health spending (Hofmarcher 2014) .
If global budgeting achieves cost containment by improving efficiency and quality of care, then its appeal for sustainable health financing warrants consideration by all policy makers. However, in what manner global budgeting shapes the health service delivery remains largely an unanswered question. In fact, despite decades of various countries' experiences, empirical evidence covering the impact of global budgeting on provider practices is still limited (Mathematica 2009; Moreno-Serra 2014) . Some recent studies have suggested that global budgeting could lead to changes in service volume, in terms of both total quantities and mix (Chang, Hsieh, and Myrtle 2011; Chen and Fan 2015) . Nevertheless, the impact of global budgeting on quality is yet unclear.
This study contributes to the global budgeting literature by examining changes in facility-level cesarean delivery rates as a result of provider competition under Taiwan's global budgeting scheme. The Taiwanese system enforces health expenditure limits by adjusting prices in accordance with volume changes. Specifically, on top of the fee-for-service (FFS) system, an ex post conversion factor, referred to as the "point value (PV)," is applied to equate the monetary value of actual services delivered to the set budget cap. The proportional price adjustment is applied uniformly to all services covered by the National Health Insurance (NHI). The expenditure cap with price adjustment generates a "tragedy-of-the-commons" incentivewhen the revenue for a specific provider is determined by its relative share, the "rational" behavior for every provider is to engage in volume expansion fueled by an increase in both inputs and investment, that is, noncooperative competition, ironically driving down de facto prices for all (Benstetter and Wambach 2006; Cheng, Chen, and Chang 2009) . The important question for policy making is how the resulting price changes shape providers' practices and service quality.
The use of cesarean delivery is an ideal candidate for exploring the aforementioned question. The literature has well documented that supply-side factors could significantly influence clinical decisions for this procedure (Clark et al. 1998; Fuglenes, Øian, and Kristiansen 2009) . For instance, it has been found that cesarean delivery use could be a manifestation of obstetricians' practice of defensive medicine (Dubay, Kaestner, and Waidmann 1999; Fuglenes, Øian, and Kristiansen 2009) . Studies have also presented that cesarean rates increase in response to income shock to obstetricians (Gruber and Owings 1996) or higher fee differentials between cesarean and normal deliveries (Gruber, Kim, and Mayzlin 1999) . Specifically in Taiwan, qualitative evidence has demonstrated obstetricians' preference toward cesarean delivery. For instance, the chief head of the department of obstetrics and gynecology at one medical center said in a newsletter that "normal delivery requires longer care-giving time but is not better and reasonably reimbursed (than cesarean delivery). Scheduled cesarean delivery is a more time-saving option and provides better life quality for health professionals" (Chou 2012) .
While the costs and benefits of cesarean versus vaginal delivery are still a topic of debate in the medical community itself (Klein 2004; Lavender et al. 2012) , the cesarean delivery rate is still on a steady rise in many parts of the world despite many containment efforts (Mazzoni et al. 2011) . The economic and health implications for a large-scale utilization of cesarean delivery make it an important public health issue (Declercq et al. 2007; Chen et al. 2014) . As there exists determination for cost control across health systems, our investigation on the cesarean delivery rate in the context of noncooperative competition not only can inform policy makers about the potential trade-offs, but also can shed light on how the rising cesarean delivery rate could be affected by cost containment measures.
LITERATURE ON THE IMPACT OF GLOBAL BUDGETING SYSTEMS
Although global budgeting has been in use for decades with many new initiatives in the making, the literature unfortunately offers limited help in providing guidance on its impact. In a review of the latest evidence of cost control strategies, Moreno-Serra (2014) concluded that there is still a lack of hard empirical evidence in the global budgeting literature as "most evidence (is) methodologically limited." Existing observations note that global budgeting in general is associated with a lower rate of health expenditure growth (Yakoboski, Ratner, and Gross 1994; Schwartz, Glennerster, and Saltman 1997) . Moreover, when an expenditure cap is imposed on top of the FFS system, service volume typically increases in both inpatient and outpatient settings (Chen et al. 2007; Chang, Hsieh, and Myrtle 2011; Hsu 2014) . This is consistent with theoretical work that demonstrates the prisoners' dilemma-like incentives to augment relative shares in such a design (Fan, Chen, and Kan 1998) . However, most of the earlier empirical writings on global budgeting are descriptive in nature without an explicit comparison group and hence suffer from the issue of internal validity (Moreno-Serra 2014; Chen and Fan 2015) .
Two recent studies addressed these methodological challenges and found robust evidence that provider competition under global budgeting with price adjustment does lead to growth in utilization as well as changes in service mix (Chang, Tsai, and Myrtle 2015; Chen and Fan 2015) . Chang, Tsai, and Myrtle (2015) identified the effect of outpatient dialysis global budgeting by examining the changes in hypertension-related outpatient visits and medications among hemodialysis patients before and after the global budget, compared with those changes among patients with hypertension who did not require hemodialysis. Chen and Fan (2015) took a different approach and used simulations to show that volume expansion will result in lower PV and de facto price cuts, triggering substitution favoring a more profitable service having higher price/cost ratios. This is in essence the manifestation of supplier-induced demand well recognized in the health economics literature (McGuire and Pauly 1991) .
Recent findings on practice pattern change raise concerns over health care quality under global budgeting. Song and colleagues (2012) investigated the impact of the "Alternative Quality Contract" in Massachusetts on quality, indicating that quality improves among providers under global budgeting compared to the control organizations, particularly in areas such as chronic care management and preventive care. However, in this specific program, provider payment is tied to performance in meeting predefined quality targets; that is, the improvement in quality most likely results from the binding quality requirements, rather than the global budgeting itself.
HEALTH SYSTEM AND UTILIZATION OF CESAREAN DELIVERY IN TAIWAN

Health System and Global Budgeting
Taiwan implemented its NHI in 1995. The enrollment is compulsorybut the enrollees enjoy a generous benefit package-most health services and medications provided by inpatient, outpatient, dental care, and Chinese medicine are covered with limited copayments. The improved access, coupled with the FFS reimbursement for providers, fueled a rapid growth in health expenditures during the following years (Cheng 2003) . As the feasibility to significantly raise premiums was limited by political reasons, Taiwan's government quickly turned to global budgeting to ensure its financial sustainability.
To restrain health expenditure growth, NHI phased in global budgeting for different sectors, first starting with dental care in 1998, followed by Chinese medicine in 2000, clinics in 2001, hospitals in 2002, and finally a separate budget earmarked for outpatient dialysis care in 2003. As discussed, Taiwan's global budgeting is in essence an expenditure cap on top of the FFS system. The national expenditure budget is set by adjusting the budget for the preceding year with an inflation factor that is negotiated between provider and consumer representatives. The national cap is then divided up into six regional budgets based on demographics risk-adjusted population. As health expenditures typically rise with income, a budget based on historical spending would thus favor populations with higher economic status. Even though not explicitly stated, the transition from FFS to population-based budgeting has implications on cross-region redistribution of resources away from the more economically developed regions. The regional budgets are allocated to providers according to their respective shares of total service volume in the region. That is, a hospital's revenue is determined by the following:
where B is the regional budget, q ij is the quantity of service j at hospital i, and p j represents the relative values of service j in points, similar to the set fees under FFS, as dictated by the payment schedule 1 (Chen and Fan 2015) .
The revenue of hospital i is then a product of its service volume-point sum of all services (Q i ), and the price conversion factor-PV, to equate the monetary value of the services delivered to the set budget cap. PV is calculated every quarter, when providers know retrospectively where they are positioned against others in the same region, as well as what the de facto prices are for the provided services. For instance, a total service volume in points 20 percent higher than the budget would entail a PV of 0.83 (1/1.2) and a 17 percent price cut on all services for all providers, which they only learn after the end of the quarter.
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Under NHI, expectant mothers are fully insured and do not bear the cost of delivery, with the only exception being elective cesarean deliveries on "maternal request," that is, without medical indications, which accounts for only about 2 percent of births (Chen et al. 2014) . Mothers can choose to deliver in hospitals (medical centers, regional or local hospitals) or obstetrics clinics with full operating room suites and beds for overnight stays. There is considerable variation in number of deliveries across obstetricians and health facilities (Figure S1 ). Prior to 2005, the reimbursement for vaginal delivery was typically 55-60 percent of that for cesarean delivery-U.S.$500-600 for the former and U.S.$900-1050 for the latter, depending on the facility type. In 2005, the Taiwan government raised the payment of vaginal delivery to equate the fees of the two procedures.
Since the inception of NHI, the cesarean delivery rates in Taiwan have been on a steady increase, from 25.4 percent in 1996 to 36.5 percent in 2011 and leveling off since then, making Taiwan one of the countries with the highest rates (Statistics Bureau 2010; Health Promotion Administration 2014). At the same time, there has been a large regional variation in cesarean delivery rates, with the difference exceeding 10 percentage points between regions with the highest and lowest rates (Chen 2015) . Clinics also tend to have a much higher likelihood of performing cesarean deliveries than hospitals (Lin and Xirasagar 2004) .
METHODS
Research Design and Data
This study investigates how provider competition under global budgeting affects practice behavior, using the cesarean delivery rate as the indicator. The point value fluctuates depending on the regional service volume for a specific quarter. Therefore, we are able to leverage the significant variations in quarterly point values over time, across the six regions, and between clinics and hospitals.
We hypothesize that hospitals and clinics react to the price signals of the point values. Specifically, when the point value drops and the providers suffer a financial loss, they compensate by substituting toward cesarean delivery, as studies have indicated that this service is usually more profitable for providers, in terms of both observable reimbursement fees and nonobservable
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HSR: Health Services Research 53:2 (April 2018) opportunity costs (Spetz, Smith, and Ennis 2001; Lo 2003; Grant 2009 ). Even with the parity in fees post-2005, cesarean deliveries are still likely to be more economically favorable due to the shorter and scheduled care-giving time and lower risks of malpractice litigation costs associated with cesarean deliveries (Han and Lien 2010) . Moreover, providers earn more revenues with elective cesarean deliveries because they receive copayments in cash from patients and, unlike vaginal deliveries, only part of the actual reimbursements for elective cesarean deliveries is susceptible to price cuts by the point value adjustment (Chen et al. 2014) . We choose the cesarean delivery rate as our dependent variable of interest, because even though obstetricians are less likely to induce the quantities of births, they do have influence over the choice of cesarean delivery in their practices. The volume of birth-related health services is miniscule compared with the total sectoral quantity. For each obstetrician, it is reasonable to expect that any shift in his or her practice in birth delivery would not have a meaningful impact on the point value, and hence, we treat changes in point values as extrinsic. Because the point value is derived ex post at the end of each quarter, the most relevant information for providers would be the point value in the preceding quarter.
We assembled our data from three sources. The principal one is the inpatient claims from the National Health Research Institute (NHRI) database in Taiwan, from which we identified all birth deliveries from 2000 to 2008. The inpatient claims include deliveries in both hospitals and obstetric clinics, because of their overnight stays. Given the single-payer system and universal coverage, our analysis is less susceptible to issues commonly seen in complex U.S. multi-payer systems, such as selection bias. As we are interested in the organization behavior of provider facilities, we restructured the data by regrouping patient claims based on a scrambled but unique health facility identifier and then estimated the cesarean delivery rates based on the frequency of normal and cesarean deliveries in each facility every quarter.
The second data source is a file on health facilities' basic characteristics, also from NHRI, that provides information on each facility's ownership, accreditation status, and geographical region. Information on facility characteristics was then extracted and linked with the claims file via the unique facility identifier. Lastly, we extracted quarterly point values for clinics and hospitals, respectively, for each region from the Statistics of the National Health Insurance Administration. For quarters when global budgeting was not implemented, point values are defined as 1, as providers are fully reimbursed for each dollar of services provided. Because our study investigated Impact of Global Budgetingthe relationship between cesarean delivery rates and the respective point values in the preceding quarters, the point values extracted are from the fourth quarter in 1999 to the third quarter in 2008.
Statistical Analysis
Our dependent variable of interest, cesarean delivery rate, is a fractional outcome, bounded between 0 and 1. The functional form issues associated with such a type of outcome cannot be satisfactorily addressed by traditional log-odds transformation. Considering our unbalanced panel data given the market entry and exit of health facilities, we followed recommendations by Williams (2015) and estimated the point value's effect on the cesarean delivery rate, using the fractional response model (FRM).
2 As noted by Wooldridge (2011) , the generalized linear model (GLM) with binomial distribution and probit link function can also be applied to analyze proportions, and it yields essentially the same results as FRM.
Our estimation is performed with the following empirical specification:
Here, CS ijt indicates the cesarean delivery rate of provider i in region j and at time t; PV jt-1 indicates the point value of region j in the preceding time period tÀ1; and X i is a set of dummies of time-invariant provider facility characteristics, including accreditation level (clinic, local hospital, regional hospital, and medical center) and ownership (private versus public). As the literature has found that different types of providers exhibit differential strategic behavior in competition under global budgeting due to institutional constraints (Chen and Fan 2015) , we also include in our final models interaction terms between the point value and time-invariant characteristics. Estimators for the point value, b, and for the interaction terms, d, are our main estimators of interest. We include birth delivery volume for provider i at time t (Xvol it ), because of the potential association between delivery volume and cesarean rate observed empirically in the literature (McKenzie and Stephenson 1993; Lin and Xirasagar 2004; Clark et al. 2007 ). More important, following Papke and Wooldridge (2008) , we also add the time averages of birth volume of provider i, Avg(Xvol i ), to control for the unobserved provider effects correlated over time. To control for any effects of market consolidation in respective regions, we also introduce a market concentration index (MCI) of birth delivery, defined as the sum of squares of birth volume shares of the health facilities in a region during a quarter. MCI of birth delivery is similar to the Herfindahl-Hirschman Index for measuring changes in market structure. Finally, g j are region fixed effects, x t are time dummies, and e ijt are error terms. We model two types of time dummies separately: year and quarter fixed effects. The former account for unobservable year-specific factors that could correlate with point values and cesarean delivery rates, such as policy impact or an increase in birth rates due to the cultural preferences for being born under a certain Chinese zodiac (Tang et al. 2006 ). The latter, on the other hand, address potential biases caused by some unobserved seasonal factors.
We also perform a number of sensitivity analyses. A provider behavioral response to price changes could differ across pregnancies of different risk profiles. Therefore, we conduct subgroup analyses-specifically among mothers 40 years and older, whose pregnancies are significantly riskier, and lower risk ones between 20 and 30 years old, respectively. We also perform sensitivity analyses with different timeframes and facility delivery volumes to ensure that our results are robust to various specifications. Table 1 presents the descriptive statistics of the health facilities in Taiwan that provide birth delivery services and that are examined in our study. It shows a significant reduction in the number of health facilities, particularly among local hospitals (46.86 percent) and clinics (35.26 percent). On average, the annual birth delivery volumes decrease across different facilities, except for local hospitals where market consolidation is most prominent. The total segment volume of births delivered also declines substantially. The decline affects local hospitals and clinics the most, where it falls by at least one-third.
RESULTS
Descriptive Statistics
Cesarean delivery rates in Taiwan on average are well above 30 percent. In 2000, there is a substantial difference in cesarean delivery rates between clinics and hospitals, with a 5.56 percentage point difference between clinics and medical centers. The difference drops over time, as medical centers' rate is consistently above 35 percent, while clinics have seen their average rates increase from 30.97 percent in 2000 to 34.07 percent in 2008. Despite the high average rates, there is a wide variation in cesarean delivery rates across facilities. For instance, for the last quarter in 2008, the first and third quartile rates among clinics are 22.2 and 46.1 percent, respectively.
Impact of Global Budgeting
There is also a significant temporal variation in point values. On average, the variation is larger among clinics than among hospitals-clinics' point values fluctuate between 0.7 and 1.3, while those for hospitals stay between 0.8 and 1.1. Across the six regions, point values also vary greatly. As an example, Figure 1 Table 2 presents the results of our FRM estimation. In Model (1), we examine the average treatment effects of point values across all health facilities. The impact estimate of point values suggests a negative effect, but the magnitude is not statistically different from zero. Allowing for differential effects of the point value in Models (2) and (3) shows a significant variation in how different types of health facilities respond to point value changes. Overall, the point value has a negative and statistically significant impact on cesarean rates, with the exception in medical centers: While the estimated effect for medical centers (coefficient for PV, as the reference category) is statistically insignificant, all the interaction terms yield negative and statistically significant results. The negative impacts of the point value on cesarean delivery rates have the largest magnitude among regional hospitals and clinics, followed by local hospitals. There is a significant interaction between the point value and ownership, with the positive sign indicating an effect that counteracts the negative impact of the point value on cesarean delivery rates. In other words, private facilities might react to changes in the point value less so than their public counterparts. The deployment of different time dummies-year fixed effects in Model 2 and quarter fixed effects in Model 3-yields consistent and very similar results. To facilitate our understanding of the effect magnitude of a change in the point value on cesarean delivery rates, Figure 2 shows the marginal effects of a 10 percentage point drop in PV for different types of facilities based upon Model (2). As an example, a 10 percentage point decline leads to a 1.90 Note. Hospital sector includes medical centers, regional hospitals, and local hospitals, which compete for revenues from the same pool of global budgeting in the respective regions.
Fractional Response Model Analyses
percentage point increase in cesarean delivery rates in the next quarter among public regional hospitals. One thing of note in this set of estimates is that for private medical centers, there is a significantly positive effect of the point value; that is, a drop in the point value leads to a further decline in cesarean delivery rates in these institutions. Notes. Robust standard errors in parentheses ***p < .001, **p < .01, *p < .05.
('00): in hundreds. † Model is adjusted for year fixed effects (8-year dummies). ‡ Model is adjusted for quarter fixed effects (35 quarter dummies).
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Subgroup analyses of different maternal age groups in Table 3 show that the difference in the cesarean rate associated with point value change is larger among mothers in their 20s; for example, the coefficient for the point value impact among regional hospitals is À0.80 versus À0.58 for the entire sample. On the other hand, there is no statistically significant effect among mothers of advanced ages (40 years and older). Finally, results from sensitivity analyses with different timeframes are consistent with the main results, and so are ones limited to facilities with higher delivery volumes.
DISCUSSION AND CONCLUSION
The economic pressures confronting health systems around the world have prompted many to explore payment interventions, including global budgeting, in order to contain ever-increasing health care costs. Despite cumulative experiences, our knowledge on how global budgeting shapes provider practice and care quality is limited. In this study, we look into how changes in point value, as a result of provider competition under an expenditure cap, affect cesarean delivery rates.
Our study offers two main contributions to the global budgeting literature. First, we find that cost containment by global budgeting may come at the expense of compromised quality, as providers strategically change their service mix in response to the financial incentives. Second, except for medical -0.29% centers, clinics and different types of hospitals respond to these external price signals differently-a drop in the point value leads to an increase in cesarean delivery rates among clinics and regional hospitals, and slightly less so in local hospitals. At the same time, behavioral changes induced by point value variations are more prominent among public hospitals versus private hospitals, as well as among pregnancies of young mothers, who are at lower risks medically than those with advanced ages. The negative effect of point values on cesarean delivery is consistent with our expectations based upon prior theoretical works on provider behavior. McGuire and Pauly (1991) argued that when there are strong income effects from fee changes, providers seek out target income. In our case, the fee cuts due to a point value drop lead health facilities to shift toward cesarean deliveries to compensate for lost income.
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The unique impact of point values on cesarean delivery rates in private medical centers is very much intriguing. One may posit that the corresponding drop in cesarean delivery rates with point value declines could hypothetically result from smaller facilities limiting their quantities of normal deliveries and directing mothers to medical centers at the end of the referral chain. Nevertheless, when we test for the point value impact on cesarean delivery quantities, the results do not support such a hypothesis-point value changes do not have any discernible effect on the number of cesarean deliveries (Table S1 ). An alternative explanation, also based upon McGuire and Pauly (1991) , could be that the fee cut has only a limited income effect, and given the much wider array of health services that private medical centers provide, providers could exhibit profit maximization behavior, which entails a relative decline in cesarean delivery rates given the larger absolute reduction in profits for this procedure relative to vaginal delivery.
The differential responses by different types of provider facilities are likely driven by a number of factors. First, compared with large medical centers, clinics and smaller hospitals are more likely to be managed by physicians, and their responses to price changes are likely to be more in alignment with financial considerations given the closely tied incentive structure. Second, medical centers face more bureaucratic and professional constraints. In other words, any change in practice might be internally restrained by physicians subscribing to strict clinical standards and being externally monitored by the NHI administration (Chen 2011) . Third, given the smaller birth delivery volumes and large number of facilities among clinics and smaller hospitals, their actions are also more "noncooperative" and economically driven toward shifting to more profitable items (Olson 1965; Chen and Fan 2015) .
Fourth and lastly, the results show a much milder response among private hospitals. Because public hospitals are often assumed to be less responsive to financial incentives, this finding is seemingly counterintuitive, but it can be understood through the institutional background in Taiwan. In response to criticism directed at inefficiency among public facilities, these entities have been increasingly required to finance their own operations since the 1990s. They began to set up funds to reward physicians with bonuses tied to earned profits. Furthermore, physicians in public facilities typically have a lower base salary due to legal restrictions, and hence, a larger portion of their income could in fact come from profit-based bonuses when compared to their counterparts in private facilities (Chen 2011) . Because the data on the presence of profit-based bonuses are private and unavailable, we cannot directly investigate their role in provider behavior. However, the findings herein suggest that provider behavior may be driven more by the internal incentive structure set up by managers, rather than the traditional typology of facility ownership.
Our study has a number of limitations. The claims-based panel data of delivery by facility enable us to investigate how providers respond to changes in point values. However, as with any observational study using time-series data, the possibility of effects from unobserved concurrent factors cannot be completely excluded. We do employ a number of measures to minimize endogeneity, including the use of time dummies, region fixed effects, and time averages of facility-level characteristics. Following Papke and Wooldridge (2008) , we also choose a probit response function over logit in our estimation, as the former is known to be superior with potentially endogenous variables. As our findings are robust to alternative timeframe specifications and subgroups, any effect from unobserved factors should be minimal if any.
Another limitation of our study is the use of the cesarean delivery rate as the quality indicator. Although it is a widely recognized quality indicator tracked by many, including AHRQ (2011), it is admittedly a utilization and process measurement. We do not have adequate information, due to data limitations, to answer the important question of whether the shift in provider practice has an adverse impact on maternal or fetal health outcomes. This would be an important input into future considerations and revisions of global budgeting schemes and should be explored in future studies.
Finally, not all global budgeting systems are the same (Long and Marquis 1994; Chen and Fan 2016) . The expenditure limit could be enforced by either volume control or price adjustment. The global budgeting impact we have identified on provider practice and quality might be specific to the price adjustment design, which has been applied in countries such as Germany,
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